There is some controversy on the metabolic management of patients with non-insulin-dependent diabetes mellitus (NIDDM) undergoing surgery [1] [2] [3] [4] . Clearly, poorly controlled NIDDM patients should be given insulin, while well-controlled ones undergoing minor surgery do not require any special treatment [1, 5, 6] . The case for the metabolic management of NIDDM patients undergoing major surgery with insulin is not simple [1, 4] . Insulin may induce hypoglycaemia and metabolic abnormalities [2] , complicating the management of anaesthesia. Controlling blood glucose with insulin appears to provide little or no benefit over no-insulin treatment [7] . Some authors therefore propose giving insulin only when blood glucose concentrations exceed 11.1 mmol litre
91
, assuming there is adequate preoperative control and perioperative blood glucose monitoring [8] , while others routinely give NIDDM patients insulin [1] . They point out that, in spite of hyperinsulinaemia, frequently found in these patients, hyperglycaemia, osmotic diuresis, ketosis and acidaemia may occur under stressful conditions.
We therefore conducted a randomized, prospective study to evaluate the effects of i.v. insulin on blood glucose control, ketone body development and hormonal changes in well-controlled NIDDM patients undergoing major surgery.
Patients and methods
We studied 60 NIDDM patients undergoing elective orthopaedic surgery (hip replacement, spinal surgery) or abdominal surgery (cholecystectomy, gastrectomy, bowel resection). The study was approved by the Ethics Committee of the University Hospital Centre and informed consent was obtained from all patients. Inclusion criteria were: fasting plasma blood glucose :7.9 mmol litre 91 and glycosylated haemoglobin (HbA1C) less than 8 % [8, 9] . Patients with impaired renal function (creatinine 9120 mol litre
91
) or impaired hepatic function (based on routine liver function tests) were excluded from the study. None of the patients had been given insulin previously. Sulphonylurea hypoglycaemic drugs were discontinued the night before surgery, and biguanides 72 h before. All had fasted for 12-14 h before surgery.
Patients were allocated randomly to one of three groups. Group A (n : 20) patients were given only 0.9 % saline 125 ml h 91 ("no insulin-no glucose"). Patients in groups B and C were given a continuous infusion of 5 % glucose 6.25 g h 91 with i.v. shortacting insulin (Actrapid HM, Novo, France), started just before induction of anaesthesia. In group B (n : 20), patients were given insulin as a continuous infusion (1.25 u. h
) by an electrically driven syringe (40 u./31 ml 0.9 % saline (1.25 u. : 1 ml)) [10] ; patients in group C (n : 20) were given insulin 10 u. by direct i.v. bolus injection every 2 h [11] . Patients in all three groups were anaesthetized only M. RAUCOULES-AIMÉ, MD , with at least 60 min between doses. A second venous cannula was used to infuse other medications or 0.9 % saline for volume expansion (fluids containing glucose and lactate were prohibited).
All patients were premedicated with flunitrazepam 1-2 mg orally. All procedures were performed under general anaesthesia. Anaesthesia was induced with thiopentone 5 mg kg
, and tracheal intubation was facilitated with vecuronium 0.1 mg kg
. Fentanyl 2 g kg 91 was used at induction and during anaesthesia in response to hypertension, tachycardia, or both. Anaesthesia was maintained with 0.8-1 % enflurane and 50 % nitrous oxide in oxygen. Neuromuscular block was maintained with vecuronium, which was not antagonized after surgery. Ventilation of the lungs was controlled to maintain end-tidal PCO 2 at 4.8-5.3 kPa.
The study began just before induction and ended 2 h after surgery. Capillary concentrations of glucose were measured every 15 min. Plasma ketone bodies (acetoacetate, ␤-hydroxybutyrate), lactate, pyruvate, C-peptide and counter-regulatory hormones (catecholamines, cortisol, glucagon, growth hormone) were measured in venous samples (S) taken just before induction (S1), during surgery (S2 : 30 min after the beginning of cholecystectomy; 60 min for gastrectomy, bowel resection, hip replacement and spinal surgery), and immediately after completion of surgery and tracheal extubation (S3). Details of the assays have been published previously [10] . The following variables were recorded: capillary glucose concentrations; treatment failure (defined as blood glucose concentration :3.3 mmol litre 91 or 916.5 mmol litre 91 ); total amount of insulin and number of additional boluses given; plasma acetoacetate and ␤-hydroxybutyrate : acetoacetate ratios at S1, S2, S3; plasma lactate, pyruvate concentrations and lactate : pyruvate ratios at S1, S2, S3; plasma C-peptide and counter-regulatory hormone concentrations at S1, S2, S3.
Data were analysed by two-way analysis of variance (ANOVA) for repeated measurements. Student's unpaired two-tailed t test was used to compare groups. Comparison of two time points within a group were made using Student's two-tailed t test for paired data. The resulting P values were adjusted by Bonferroni's method. ANOVA was used to compare the amount of insulin given in both groups and the quantities of fentanyl. ␤-hydroxybutyrate : acetoacetate and lactate : pyruvate ratios were compared using non-parametric tests. Non-parametric tests were also used to compare plasma growth hormone concentrations. The chisquare test was used for non-continuous variables. Results are expressed as mean (SEM). P : 0.05 was considered statistically significant. Statistical analyses were performed using a MacIntosh II computer with the Statview program.
Results
There were no significant differences between the groups in patient data, type or duration of surgery, duration of diabetes or preoperative control of glycaemia, determined by HbA1c, fasting plasma glucose and capillary glucose concentrations measured just before induction of anaesthesia (table 1) . The doses of fentanyl given to the three groups were similar (A: 665 (25) g; B: 602 (25) g; C: 650 (22) g). Seven patients had blood glucose concentrations controlled by diet alone (two in group A, three in group B, two in group C). Six patients in group A, six in group B and five in group C were given blood products during surgery (packed red blood cells or plasma).
The distribution of all blood glucose concentrations (expressed as percentiles) measured every 15 min during the study in all groups is shown in figure 1 . Blood glucose concentrations in the three groups were not significantly different (two-way repeated ANOVA) ( fig. 2) ) and the ␤-hydroxybutyrate: acetoacetate ratio did not vary significantly with time. It remained 91 in group A, but decreased in groups B and C (P : 0.001, P : 0.01). Plasma lactate and pyruvate concentrations increased significantly (P : 0.05 and P : 0.01) during surgery, with no differences between groups, although pyruvate concentration increased to a lesser extent in group A. The lactate : pyruvate ratio did not change throughout the study (table 3) . There were no major metabolic problems during the postoperative period in any of the three groups.
Plasma C-peptide concentrations differed significantly between the groups (P : 0.01) (table 4). The time course of changes in the concentrations were also significantly different (P : 0.0001). C-peptide concentrations decreased significantly during surgery in groups B and C (table 4), especially in patients given bolus injections of insulin (P : 0.001), while plasma C-peptide concentrations remained stable in group A.
Plasma cortisol and catecholamine concentrations increased similarly during surgery in the three groups (table 4) . Plasma glucagon concentrations remained stable. Plasma growth hormone concentrations were significantly different between groups (P : 0.01); they increased significantly in groups B and C (P : 0.05, P : 0.01) and remained constant in group A.
Discussion
The majority of diabetics undergoing surgery in Western countries are non-insulin-dependent. Nevertheless, there is no consensus on the best method of managing blood glucose concentrations of patients with well-controlled NIDDM undergoing major surgery, especially in the use of insulin [1, 5, 8] . The main metabolic complications in diabetics during surgery are hypoglycaemic reactions caused by exogenous insulin, hyperglycaemia, ketosis and acidaemia [8] . This study showed that the control of blood glucose was similar, whether or not patients were given insulin. The "no insulin-no glucose" patients developed mild-to-moderate concentrations of ketone bodies. Some authors believe that well-controlled NIDDM patients do not require special treatment before and during surgery [5, 6, 8] , and that insulin therapy should be considered only when intraoperative blood glucose concentrations exceed 11.1 mmol litre
91
. This value was proposed because the renal threshold for glucose is 10.0-11.1 mmol litre 91 in most patients with normal renal function [12] . Osmotic diuresis results in water and electrolyte losses, hyperosmolarity and impaired CNS function if this level is exceeded. The literature also suggests that impaired wound healing and strength, and impaired phagocytic function may occur when plasma glucose concentrations exceed 11.1 mmol litre 91 [3, 13, 14] . Intraoperative blood glucose control was good in most patients on the "no insulin-no glucose" regimen in our study. These finding are consistent with those of Fletcher, Langman and Kellock for minor and moderate surgery [15] . Fasting was probably the cause of these stable blood glucose concentrations [16] , because glucose given without insulin can result in marked hyperglycaemia [11, 17] . Fasting and a lower insulin : glucagon ratio were also responsible for the accelerated ketogenesis in the "no insulin-no glucose" group. But, because of residual endogenous insulin secretion in our patients, the development of Table 3 Mean (range) lactate, pyruvate, ketone body concentrations and lactate: pyruvate, ␤-hydroxybutyrate:acetoacetate concentration ratios before operation (S1), during surgery (S2) and after tracheal extubation (S3). Significant differences compared with preoperative values (S1): †P : 0.05; † †P : 0.01; † † †P : 0.001; significant differences between groups: *P : 0.05, **P : 0.01, ***P : 0.001 S1 Table 4 Mean (range) hormonal data before operation (S1), during surgery (S2) and after tracheal extubation (S3). Significant differences compared with preoperative values (S1): † P : 0.05, † † P : 0.01, † † † P : 0.001; significant differences between groups: *P : 0.05, **P : 0.01, ***P : 0.001 ketone bodies was limited, and without any deleterious consequences. Ketogenesis was similar to that of normal subjects after short-term starvation [16] . Concentrations of lactate and pyruvate in the insulin-treated patients were increased, presumably as a result of insulin inhibiting gluconeogenesis and increased extrahepatic lactate production from glucose [16] . The lactate : pyruvate ratios were within normal limits for venous blood samples and were not affected by insulin administration. Thus, our results suggest that the "no insulin-no glucose" regimen provided sufficient metabolic control during the operative period and might even be preferable as it avoids the risk of hypoglycaemia. The incidence of hypoglycaemia was 5-10 % whatever insulin regimen was used [10] . While our study was relatively short, it is always possible that some metabolic disturbance may occur later, but no major metabolic problem was identified during the postoperative period. The decrease in plasma C-peptide concentrations in groups B and C probably resulted from negative feedback by exogenous insulin on pancreatic insulin secretion. This decrease was even more significant in the group treated with large bolus doses of insulin. This inhibition develops over a few hours after insulin therapy is initiated in non-surgical situations [18] . The lack of increase in plasma GH in the "no insulin-no glucose" group appears to be surprising, because there is usually a gradual increase in GH during stress, which parallels that of cortisol and takes place a few minutes after induction of anaesthesia [19] . It has been shown that elevated plasma ketone body concentrations decrease the release of GH [20, 21] . The increase in GH concentrations in groups B and C may also result from stimulation of GH release by exogenous insulin [20] . However, this difference in growth hormone concentration did not alter blood glucose. The deleterious effect of increased growth hormone on blood glucose in diabetics is probably not as pronounced as the effect of catecholamines and cortisol [22] . This lack of difference in blood glucose concentration may also be caused by administration of exogenous insulin, which counteracts the effect of growth hormone on glucose metabolism.
Thus this study indicated that the "no insulin-no glucose" regimen was a simple, effective way of controlling blood glucose in well-controlled NIDDM patients, provided that blood glucose was measured frequently and insulin used as appropriate.
